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Genetic analyses of highly pathogenic avian influenza
H5 subtype viruses isolated from the Izumi Plain, Ja-
pan, revealed cocirculation of 2 genetic groups of clade
2.3.4.4b viruses among migratory waterfowl. Our find-
ings demonstrate that both continuous surveillance and
timely information sharing of avian influenza viruses are
valuable for rapid risk assessment.

Highly pathogenic avian influenza (HPAI) viruses
are known to have zoonotic potential (1). There-
fore, global surveillance for HPAI virus in in domes-
tic poultry and wild waterfowl is essential for assess-
ing potential risk for both public and animal health.

During winter 2020-21, an emerging HPAI
A(H5NS) virus caused outbreaks in wild birds and
domestic poultry in East Asia (2-5). Genetic and
phylogenetic analyses revealed that the H5 hemag-
glutinin (HA) genes of H5NS virus belonged to clade
2.3.4.4b and were divided into 2 genetic groups, G1
and G2 (6). The G1 viruses showed high genetic simi-
larity with the HPAI H5NS8 viruses circulating in Eu-
rope during winter 2019-20 (7), but the G2 viruses
concurrently caused HPAI outbreaks in Europe and
Asia during winter 2020-21 (8). We report the genetic
characteristics of 4 HPAI viruses isolated from the
Izumi Plain, Japan, in November 2021.
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The Study

During routine winter 2021-22 avian influenza vi-
rus (AlV) surveillance, we detected HPAI virus in
environmental water samples collected from a crane
roosting site in the Arasaki area of the Izumi Plain on
November 8, 2021 (Figure 1). We inoculated embryo-
nated chicken eggs (9) with those water samples and
isolated AIVs of mixed subtypes, most likely due to
co-inoculation with multiple AIVs. We could not de-
termine the neuraminidase (NA) subtype due to the
mixed virus populations. However, using the Min-
ION MKk1B nanopore sequencer (Oxford Nanopore
Technologies, https://nanoporetech.com), as de-
scribed previously (10), we confirmed that 1 virus iso-
late, A/environment/Kagoshima/KU-ngrB4,/2021
(mixed), was an HPAI H5 subtype (Table). In addition
to the H5 HA gene, we detected HA genes of H3 and
H4 subtypes and NA genes of N6 and N8 subtypes
from A/environment/Kagoshima/KU-ngrB4/2021
(mixed). Based on our BLAST analysis (https://blast.
ncbi.nlm.nih.gov), HA gene segments of the detect-
ed H3 virus showed the highest similarity to those
from H3NS8 virus A/duck/Mongolia/ MN18-14 /2018
(97.65%) and the H4 virus showed the highest simi-
larity to HA genes from H4N2 virus A/duck/Ban-
gladesh/41653/2019 (98.85%). The NA gene segment
of H3NG6 virus showed the highest similarity to those
from H3NG6 virus A/duck/Mongolia/ MN18-1/2018
(98.8%) and the NA gene segment of H3NS8 virus
showed highest similarity to H5N8 virus A/water/
Tottori/NK1201-2/2021 (99.36%). In contrast to the
HA and NA gene segments, we detected only single
nucleotide sequences in the remaining 6 gene seg-
ments. The closest relatives of these 6 gene segments
all were derived from recent HPAI H5NS viruses. In
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Figure 1. Locations on the

Izumi Plain, Japan, where highly
pathogenic avian influenza
A(H5N1/H5N8) viruses were
detected among wild waterfowl
roosts and domestic poultry farms,
2021. Dots indicate location and
date of avian influenza A detection.
Inset map shows location of Izumi
Plain in Japan.

addition, the H5 HA gene, N8 NA gene, and remain-
ing gene segments from 2 virus isolates, A/environ-
ment/Kagoshima/KU-ngrB4/2021 (mixed) and A/
hooded crane/Kagoshima/KU-5T/2021 (H5NS),
were nearly identical (>99.8%).

A layer chicken farm, farm A, reported unusual
mortality among chickens on November 13, 2021 (Fig-
ure 1). We used the Miseq platform (Illumina, https:/ /
www illumina.com) to perform viral genome se-
quencing on isolates from farm A and found an H5N1
virus isolate, A/chicken/Kagoshima/21A6T/2021,
possessed the high pathogenicity H5 HA gene (Table).
After HPAI virus outbreak notification from farm A,
local authorities conducted legally mandated urgent
investigations at 25 chicken farms located within 3
km of the farm. Subsequent investigations discovered
another HPAI virus outbreak at a layer chicken farm,
farm B (Figure 1), before increased poultry mortality
occurred there on November 15, 2021. Of note, Miseq
viral genome sequencing revealed that the farm B vi-
rus was an HPAI H5NS virus, A/chicken/Kagoshi-
ma/B3T /2021 (Table).

On November 19, 2021, a hooded crane (Grus mo-
nacha) was found dead at a second roosting area in
Higashi-Kantaku (Figure 1). Using a tracheal swab
sample from the dead crane, we isolated another
HPAI H5NS8 virus, A/hooded crane/Kagoshima/
KU-5T/2021, and sequenced its genome by using the
MinlON Mk1B (Table). Thus, we detected 4 HPAI H5
viruses from different sources within a 5-km radius
in only 12 days.

Using BLAST, we analyzed the nucleotide se-
quences of all 8 gene segments from each virus isolate
(Table). The sequences sharing the highest nucleotide
identity with the polymerase basic 2, nucleoprotein,
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and nonstructural protein gene segments from 1 iso-
late, A/chicken/Kagoshima/21A6T/2021 (H5N1),
were sequences from low pathogenicity avian influ-
enza (LPAI) viruses isolated from wild ducks (Table).
These findings indicate that the HPAI H5N1 virus we
detected is a genetic reassortant recently generated
between HPAI and LPAI viruses.

In contrast, each gene segment from isolates
A/chicken/Kagoshima/B3T /2021 (H5N8) and A/
hooded crane/Kagoshima/KU-5T/2021 (H5NS)
shared relatively high similarity (>99%) with those
from HPAI H5NS8 viruses isolated from a tun-
dra swan (Cygnus columbianus) or environmental
samples collected in China during the 2019-20 and
2020-21 winter seasons (Table). In addition, nucle-
otide sequences of all 8 gene segments from both
isolates were almost identical to each other (Ap-
pendix Figure 1, https://wwwnc.cdc.gov/EID/
article/28/7/21-2586-Appl.pdf). These results sug-
gest that the HPAI outbreak on farm B was caused
by HPAI H5NS8 virus progenies that have been de-
tected in migratory waterfowl in East Asia since
2019. Of note, the HPAI viruses we detected did not
demonstrate any amino acid substitutions related to
mammalian adaptation, such as a single amino acid
substitution of glutamine to lysine at position 591
(Q591K), E627K, or D701N in the polymerase basic 2
protein (11-13); nor Q226L, N224K, or G228S in the
H5 HA protein (14,15).

The phylogenetic tree of the H5 HA gene re-
vealed that all 4 HPAI viruses we detected belong
to genetic group G2 of clade 2.3.4.4b (Figure 2; Ap-
pendix Figure 2). The H5 HA gene from A/chicken/
Kagoshima/21A6T/2021 (H5N1) comprises a cluster
with HA genes from HPAI H5N8 viruses detected
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HPAI Viruses among Waterfowl and Poultry, Japan

Table. Collection date, GISAID accession numbers, closest genetic relatives, and percentage genetic identity compared with other
viruses among highly pathogenic avian influenza A(H5N1/H5N8) viruses detected in the Izumi Plain, Japan, 2021*

Collection %
Isolated virus date Gene Accession no. Closest relativet Identity
Alenvironment/Kagoshima/ 2021 Nov 8 HA EPI11933367 Alenvironment sample/China/TZ001/2021 (H5N8) 99.47
KU-ngrB4/2021 (mixed)
Alchicken/Kagoshima/ 2021 Nov 13 PB2 EPI1940236 A/duck/Bangladesh/37630/2019 (H10N4) 97.72
21A6T/2021 (H5N1)
PB1  EPI1940237 Allayer hen/Slovakia/A-chicken-Slovakia-Pah_14-2020 98.20
/2020 (H5N8)
PA EP11940238 Alchicken/Nigeria/VRD21-98_21VIR2288-6/2021 98.05
H5N1
HA  EPI1933663 A/chicken/NigeriaNR(DZ1—4?3_21VIR2288—4/2021 98.71
H5N8
NP EP11940239 A/teaI/Egypt/MBED-487)OP/2016 (H7N3) 98.20
NA  EPI1940240 AJ/chicken/Nigeria/VRD21-109_21VIR2370-425/2021 97.83
H5N1
M EP11940241 A/Cygnus columbiafws/Hu)bei/56/2020 (H5N8) 99.29
NSP  EPI1940242 Alenvironment/Bangladesh/42635/2020 (H10N7) 99.28
Alchicken/Kagoshima/ 2021 Nov 15 PB2 EPI1933684 Alenvironment sample/China/TZ001/2021 (H5N8) 99.61
B3T/2021 (H5N8)
PB1  EPI1933685 Alenvironment sample/China/TZ001/2021 (H5N8) 99.30
PA EPI11933683 A/Cygnus columbianus/Hubei/116/2020 (H5N8) 99.40
HA EPI1933687 Alenvironment sample/China/TZ001/2021 (H5N8) 99.53
NP EPI11933680 A/environment sample/China/TZ001/2021 (H5N8) 99.67
NA EP11933686 A/Cygnus columbianus/Hubei/51/2020 (H5N8) 99.15
M EPI11933682 A/Cygnus columbianus/Hubei/56/2020 (H5N8) 99.59
NSP  EPI1933681 Alenvironment sample/China/TZ001/2021 (H5N8) 99.64
A/hooded 2021 Nov19 PB2 EPI1933368 Alenvironment sample/China/TZ001/2021 (H5N8) 99.56
crane/Kagoshima/
KU-5T/2021 (H5N8)
PB1 EPI1933369 Alenvironment sample/China/TZ001/2021 (H5N8) 99.30
PA EPI11933370 A/Cygnus columbianus/Hubei/116/2020 (H5N8) 99.49
HA EPI1933371 Alenvironment sample/China/TZ001/2021 (H5N8) 99.47
NP EPI11933372 A/environment sample/China/TZ001/2021 (H5N8) 99.67
NA EPI11933373 A/Cygnus columbianus/Hubei/51/2020 (H5N8) 99.09
M EPI11933374 A/Cygnus columbianus/Hubei/56/2020 (H5N8) 99.39
NSP  EPI1933375 A/environment sample/China/TZ001/2021 (H5N8) 99.76

*GISAID, https://www.gisaid.org. HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleoprotein; NSP, nonstructural protein; PA, polymerase; PB1,

polymerase basic 1; PB2, polymerase basic 2.

TRepresentative viruses with the highest nucleotide identity retrieved from the NCBI GenBank (https://www.ncbi.nim.nih.gov/genbank) database on

December 3, 2021.

during the 2021-22 winter season in Europe, and we
tentatively designated this cluster as subgroup G2b
(Figure 2). These results suggest that genetically simi-
lar HPAI H5 viruses simultaneously invaded Europe
and East Asia during the 2021-22 winter season, pos-
sibly because the migratory waterfowl populations
flying to each region shared the same breeding areas
during summer 2021. The H5N1 NA gene tree indi-
cated that the closest ancestors might be LPAI viruses
(Appendix Figure 1, panel A), but genetic similarity
to recent HPAI viruses detected in Africa and Europe
was also evident (Table). Phylogenetic trees of the re-
maining 6 H5N1 genes also attested that A/chicken/
Kagoshima/21A6T/2021 (H5N1) is a likely genetic
reassortant recently generated between HPAI and
LPAI viruses (Appendix Figure 1, panels B-G).
Unlike A/chicken/Kagoshima/21A6T /2021
(H5N1), the gene constellations of A/chicken/

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 28, No.7, July 2022

Kagoshima/B3T/2021 (H5N8) and A/hooded crane/
Kagoshima/KU-5T/2021 (H5N8) were the same as
HPAIH5NS8 viruses detected during the 2020-21 winter
season in East Asia, as we noted in subgroup G2a (Fig-
ure 2; Appendix Figure 1, panels B-H). These results
suggest that A/chicken/Kagoshima/21A6T /2021
(H5N1) and the 3 other HPAI viruses we detected
evolved individually among migratory waterfowl.

Conclusions

The results of this study, together with the contem-
porary HPAI outbreaks in other regions, including
neighboring countries and in Europe, suggest that
the HPAI H5NS8 viruses isolated at farm B were
introduced from migratory waterfowl overwin-
tering on the same plain. Genetic analyses also re-
vealed that 2 genetic subgroups of HPAI H5N1/
H5NS viruses, G2a and G2b, cocirculated among the
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Figure 2. Phylogenetic tree of
hemagglutinin genes of genetic
group 2 (G2) of highly pathogenic
avian influenza A(H5N1/H5N8)
viruses isolated on the [zumi
Plain, Japan, in November 2021.
We phylogenetically analyzed the
nucleotide sequences of the genes
from A/environment/Kagoshima/
KU-ngrB4/2021 (mixed), A/chicken/
Kagoshima/21A6T/2021 (H5N1),
Alchicken/Kagoshima/B3T/2021
(H5N8), and A/hooded crane/
Kagoshima/KU-5T/2021 (H5N8)
with representative counterparts
G2b by using the maximum-likelihood
method with a bootstrapping set
of 1,000 replicates. Bold text
indicates viruses isolated in this
study. Bootstrap values >70% are
shown at the nodes. Scale bar
indicates the number of nucleotide
substitutions per site. HPAI, highly
pathogenic avian influenza; LPAI,
low pathogenicity avian influenza.

) HPAI

migratory waterfowl on the Izumi Plain. The HA
genes from the HPAI H5 viruses isolated in Europe
during the 2021-22 winter season formed a single
cluster that was distinct from G2a and G2b; because
HPALI viruses belonging to this cluster have not yet
been isolated in Asia, we tentatively designated
this genetic subgroup as G2c (Figure 2). This sub-
group, which has been causing HPAI outbreaks in
Europe since October 2021, could be introduced into
East Asia.

In conclusion, we isolated and analyzed 4 HPAI
H5N1/H5NS viruses of clade 2.3.4.4b from the Izumi
Plain, Japan, and found potential reassortment be-
tween HPAI and LPAI viruses. Our findings support
the need for continuous surveillance and timely infor-
mation sharing for rapid assessment of the potential
risks to public and animal health.
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Appendix

A/Branta leucopsis/Belgium/14735 0001/2021 (H5N1) HPAI
Alchicken/Netherlands/21037233-001/2021 (H5N1) HPAI
A/Mute swan/Netherlands/21037283-002/2021 (H5N1) HPAI
99} A/duck/Saratov/29-11/2021 (HSN1) HPAI
A/swan/France/21P012384/2021 (H5N1) HPAI

71| A/goose/Tyumen/33-52/2021 (H5N1) HPAI
86| ' A/goose/Tyumen/33-53/2021 (H5N1) HPAI
Alchicken/Nigeria/VRD21-109 21VIR2370-425/2021 (HSN1) HPAI
Alchicken/Senegal/21VIR1084-5/2021 (HSN1) HPAI
A/barnacle goose/Denmark/17572-1.01/2021 (H5N1) HPAI
A/barnacle goose/Netherlands/21027016-002/2021 (H5N1) HPAI
@ Aichicken/Kagoshimal/21A6T/2021 (H5N1)
A/duck/Mongolia/451/2018 (H4N1)
A/duck/Moscow/5744/2019 (H1N1)
A/mallard/Italy/21VIR6957-6/2021 (H5N1) LPAI
Algoose/Czech Republic/20689-28T/2021 (HSN1) LPAI
A/Anas platyrhynchos/Belgium/1837 H101620/2018 (H10N1)
A/Gallus gallus/Belgium/3497 0001/2019 (H3N1)
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03/2020 (H5| gHPAIA
Allayer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 HSN8 PA/2020 (HSN8) HPAI
ooper 2/0701B002/2021 (HSN8) HPAI
Alwhite-tailed eagle/Haokkaido/20210127001/2021 (HSN8) HPAI
Al/chicken/Kagawa/11C/2020 (HSN8
gd A/environment/Kagoshima/KU-ngr-J2/2020 (H5SN8) HPAI
A/Mandarin duck/Korea/H242/2020 (HSN8) HPAI
e AMA (R et NP A ath Kot SA/KNUS018-47/2019 (HANG
allard (Anas rhynchos)/South Kol -
Rlﬁd_alla[ﬁﬁu%s% Primo)r'ei‘l.’SQEO g H6N§) ( )
A/Northern Pintail/Alaska/19TL00162/2019 QH N8
Nenwronment{Maa{landM162/2006 H5N1) L
A/Mallard/Ohio/19050177/2019 (H NTL
A/ruddy turnstone/New Jersey/UGAI17-
GWenvironment/South Carolina/UGAI17-2243/2017 (H5N2
— A/Mallard/Ohio/18054660/2018 (H4N6
106VMallard duck/Alberta/147/2019 (H3N

o

72/2017 H5N2)) II__F'PRII

—
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&‘ hooded cranefKagoshlmaIKU 5Tt’2021 (H5N8)
)A/chicken, IKa?oshlm a/B3T/2021 (H5N8

I A/lwhooper swan, Shandcng/SC176/‘2021( 5N8 HPAI
Nenwronment samplelChlna 20011202 H('I:-,|5N ) HPAI
Alwild duck/Jiangsu/SD019/20 SNSg

m

o
L0

Alspot-billed ducl Koreaf\l\.’MOOO 020 (HSN8) HPAI
Alwhok&erswanllnner Monﬁollalw1 1/2020 (HSN8) HPAI
A/duck/Korea/HO16/202 PAI

A/brown-headed gull/Tibet/1-1/2021 (H5N8) HPAI
A/Cygnus cqumb|anuslHubE|.'51120 0 (H5N8) HPAI
A/Cygnus columbjanus/Hubei/56/2020 (H5|
A/Cygnus columbianus/Hubei/1 15!202

- A/Jdomestic duck/Kazakhstan/1-2 /2020 §|H5N8 Al
Alchicken/Nigeria/VRD21-43 1V|R2288-4/202 SI;!SN ) HPAI
r A/chicken/Luxembour: 121168413 21 (HSN8) HPAI
A/buzzard/Germany- IAI02166!2020 H5N5) HPAI
Alchicken/England/030720/2020 g—ISNS HPA]|

A/mute swan/ etherlands:‘200159g1 00‘?/2020 s_‘ 5N8) HPAI
A/barnacle ggose/Germany-SH/AI02167/2020 (HSN8) HPAI
A[goose/Russmn Federati lont‘O kl1680—6/?.020 (H5N5) HPAI
NChmkenlEEg R553/2018 g h}
1gyptlAI20286Jf201 gHS ERHF'AI
Alchicken/Tatarstan/7/2018
A/wild duck/South Korea/1801/2018 (HSNG) H
Aftufted duck/Shimane/3211TY001/2017 ( 5N6)
A/Great Black-backed Gull/NetherIands/1/2017 H5NS HPAI
85~ A/duck/Nigeria/SK28T 19VIR8424-2/2
100 A/white-tailed ea IelHokka:dot‘2021D1270 1/2021& 5N8) HPAI
A/whooper swan ukushlma/O?O‘lB 02!2021 (HSN8) HPAI
A/duck/Guangdong/H31 202
A/duck/Bangladesh 36391/201 H4N
A/wild duck/Korea/H214/2021 (H7TN3) LPAI
A/mallard/South Korea/JB21-22/201 ('|:|4N6)
Alteal/Egyj UMB-D-4870P/2016(H7N3 PAI
A/mallar /Ukralne/AN 221 13 01 202 H(g?NZ) LPAI
Algoose/Tyumen/3.
mallard/Ital r‘21VIR6957 12021 H5N1gLPAI
(@ Alchicken/Ka oshlmai21A6T.’2 21 (H5N1)
A/Shoveler/Omsk Region/15/2019 (H4/ ‘?
72 A/lswan/France/21P012384/2021 H5N HPAI
wchlcken/Nl eria/VRD21-98 21VI -6/2021 H5N1 HPAI
chicken/Ne erland5121037233-001f2021 (H5N1)
— A/lduck/Mongolia/961/2019 (H3N8
Allayer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 HSN8 NP/2020 (HSN8) HPAI
'white-fronted goose/German BBIAIOOO18!2020(H5N8)HPA
‘A/turkey/Czech Republic/3071/2020 (H5N8 HP.
1 chicke ana%awa!ﬂC/ZOZO (HSN%
A/environment/Kagoshima/KU-ngr-J f2020£H5N8 ) HPAI
northern pintail/ okkaldolM13
A/Man duckaorealH24ZI
Nduckllndla/‘lOCAOU 2016
— A/Common Teal/Da estan/ 4d.'2 1%H4N6
A/chicken/Germany/AR1386-L01302 015(27N7 HPAI
NSwanJNetherIands/‘l4000281/20 4 HS
A/mallard/Sweden/101224, 9&
NducklMongollalSZOlZD
Alp|geonIS|chuanlN XN29/2014|_§H5N12{HPAI
) NducleuangdonglGDD1.'2014
Common pheasantfHunanH 1/2015 (H5N6) HPAI
Nduck/Hyogol1/2018 I—)
Alblack swaankltaH/ZO‘ISE SNGE
hooperswan/Mon olia/25/ OZOWSNG ) HPAI
Fujian-Sanyuan/21099] 2017(H5N6)
A/Common TeallBu atlalaau' 019 H N6
A/Mallard/Netherlands/11/2021 (H5
mallard/Denmark/12947-12/202 S‘ (}
gumea fowl/Germany-NW/AIQ1184/202
uck/Bangladesh/41439/2019 (H7N3) LI
duck/Bangladesh/37630/2019 (H10N4
A/Bar-headed Goose/Qinghai/a218/2017 (HSN8) HPAI
A/duck/Moscow/5743/2019 (H1N1
Algoose/Czech Republlcl20 89-28T/2021 (H5N1) LPAI
A/mallard/South Korea/34X-2/2021 (H7N7) L
/Mallard Anas platxrh nchos?_{Sout KorealKNU2019 -23/2019 (H1N1)
A/mallard Korea/A4
A/wild bird/South Korea/WKI /2019(H1N‘1
NenwronmentlBangIadesh!4263512020 H10N
hite-fronted goose(Anser albifrons)/South Korea/KNU2019-37/20 9
A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-50/2019 (}!1-'3
A/Mallard (Anas platyrhynchos)/South Korea/KNU2019 4
A/Mallard/Russia Primo e/153!20 9 (H4NB)
A/Duck/Dongting/D76-1/2016 (H5N7) L/
A/duck/Taiwan/A3400/2015 5N8 HPAI
Algreat crested grebe/Uvs-Nuur Lake/341/2016 (HSN8) HPAI
grey-headed guIIIUgandalMUWRP -538/2017 (H5N! }HPAI
A/guinea fowl/Nigeria/OG- GF11T19VIR842 7/20 9 (H5N8) HPAI
00 A/chicken/South fr|ca/499723:'2018gH5NB) HPA
A/duck/Mongolia/380/2019 (H4N

1
NNorthern Pintail/Russia F)’rlmo e/137/2019(H6N6)
b& allard/Russia F'rlmor]e/129 /2019 (HENG)
1 Algoose/Guan% ong/k0103/20 10% NS)H
Alduck/Eastern h|na.’008/2008(:|”-| N5) PAI
A/mallard/Shanghai/SH-9/201

AfducklEastern China/S1109/2i 14% SNB?\IHPAI
Albreeder duck/Korea/Gochang1 h} HPA
A?yrfalcon!WashlngtonfMO -6/2014 (HSN8) HPAI
crane/KagoshlmalKUﬂZO‘]4éH5N8 HPAI
A/tundra swan/Korea/H411/2014 (HSN8) HPAI
72 Alcrane/Kagoshima/KU41/2014 (HEN8) HPAI

A/Chicken/| umamolol1-7l2014( SN8 HPAI
S NchlckenlEn?IandH 1416/2008 (H7N é

A/Anas poecilo| hyncha/SouthKorealJ 32-81/2019&_!-'111N2)
Alenvironment/Ma Iand}"l162/2006/(2 5N1) LPAI
A/Northern intail/Washington/40964/2014 (H5N %’
ddy turnstone/New Jersey/UGAI17-207. h5N2 ) LPAI

enwronmenh’South CarollnalUGAH7-2243/2017( SN2) LPAI
A/Northern PlntalllAlaskaHQTLOO‘l62/2019 H3N
A/Mallard ducklAIbena/M?IZO
A/Mallard/Ohio/19050177/2 6)
0.02 10 A/MallarlehloH8084660/2018(H4N )

E\HSNB) LPAI

]
N
=}
=
©

10
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A/Cygnus cqumblanusIHube|l116/2020 HSNB HPAI
A/spot-billed duck/Korea/\WWA1000 N8) HPAI
Alenvironment sample/Chma/TZOO1.’2021 WSNB'%HPAI
A/Cygnus columblanusiHubeMS‘i 020 (H5 8) HPAI
Alduck/Korea/H016/202

Nwﬂd duckalangsu.’SDm /202 {)HSNB HPAI

Cygnus columbianus/Hubei/56/2020 (HSN8) HPAI

Alw ooper swan/Inner Mongolia/w1-1/. 020|S S5SN8 HPAI
Alwhooper swanlShandon%F C1 76/2021 5N8)
brown-headed gull/Tibet/ 021
A/chicken/Kagoshima/B3T/2021 HSN

A'hooded crane/Kagoshima/KU-5T/2021 (HSN8

omestic duck/Kazakhstan/1-274-20-B/2020 (H5N8) HPAI
Alchicken/Kagoshima/21A6T/2021
Al uzzarleermany MV.'AI02166/2020 5N5) PAI

030720/2020 (H5N8) HPA
A/barnacle goose/Germany-SH/AI02167/2020 (HSN8) HPAI
A/mute swan/Netherlands/20015931-001/2020 (HSN8) HPAI
Alchicken/Nigeria/VRD21-43 21VIR2288-4/2021 (HSN8) HPAI
A/mallard/Georgia/DT-20222/2020 H5N8 HPAI
NchlckenlLuxembouR%’ﬂ16841 (8 0)
A/chicken/Nigeria/VRD21 9821VIR228 6/2 21 RE-ISM HPAI
Alchlckenl etherlandsl21037233-00
A/goose/Tyumen/33-52/2021 (HSN1
wan/France/21PO12384.'2 21 (H
Algoose/Russian Federation/Om k/1680—6/2020 H5N5) HPAI
A/grey-headed gull/U anda/MUWRP-538i2017(HS 8) HPAI
A/duck/India/10CA01/2016 8 H
A/Fujian-Sanyuan/21099/2017 %
A/Bar-headed Goose/Qin ha|/3218/20 TBSHSNB ) HPAI
NchlckenlSouth Africa/4:
A/guinea fowl/Nigeria/OG- GF11T‘I IRB 24- 7/2019(H5NB)HPAI
A/turkey/Czech Republic/3071/2020 (HSN8) HPAI
A/white-fronted goose/Germany-BB/AI00018/2020 (HSN8) HPAI
NlayerherlSlovakla/A—chlcken Slovakla Pah 14-2020 HSN8 MP/2020 (H5N8) HPAI
A/hawk/Poland/003/2020 (H5N8 H
NchlckeanagawaIﬂC/z 20 H
uck/Ko 020 H5Na HPA|

Alwhite-tailed eaglelhokkaldof2021 1270 1/‘2021 (H5NB) HPAI
A/environment/Kagoshima/KU-ngr-J 2020 SN HPA
A/northern pintail/Hokkaido/M13/2020 é HPAI
A/whooper swan/Fukushima/0701B00 f2021 5N8)HPAI
A/great crested grebe/Uvs-Nuur Lake/341/2016 (HSN
Alduck/Nigeria/SK28T 19VIR8424-2/201 HSN'JHPAI
A/Great Black-backed GuIUNetherlandsI1!201 (H5 6) HPAI
A/tufted duck/Shimane/3211TY001/2017 (HSN6) H
A/wild duck/South Korea/1801/2018 (H5 6)HP
Alchicken/Tatarstan/7/2018 (HSN8) HPA
39 A/Chicken/Egypt/Al20286/2019 (HSN8) HPAI
NChlckenlEgypUAR553/20185 5N8
— A/ﬁsumea fowl/Germany-NW/AI01184/2020 HSNB‘? LPAI
'wild bird/South Korea/WKU2019-4/2019 (H1NT)
g A/mallard/Denmark/12947-12/2020 (H?NS? LPAI
AlteaUEgypt/MB -D)- 4870F’.'2016EJH7N3 LPAI
73 A/Common Teal/Buryatia/88i/2! 19( 4NG)
Alduck/Mongolia/380/2019 (H4N6)
A/White-fronted goose| Anser alb1frons{South Korea/KNU2019-37/2019 (H1N1)
A/wild duck/Koréa/H214/2021
A/Duck/Dongting/D76-1/2016 (HEN7) PA
*NmallardlKorealAM 5/2017 5N3) LPAI
k/Bangladesh/36391/2018 (H4N6
Nmallard/Souh Korea/JB21- 22/ 19 (] 4N6R
— A/duck/Ban Iadeshl41439/2019%H7N3) LPA
A/mallard/|taly/21VIR6957-6/2021 (HSN1) LPAI
| A/mallard/Ukraine/AN-221-13-01/2 20( N2) LPAI
A/Common Teal/Dagestan/34d/2019 (H4N6
A/Mallard(Anas Rla yrhynchos)/South KoreaIKNU2019-23/2019(H1N1)
A/Anas poecnor ncha/South oreaIJB32—81ﬂ'2019(H11N )
AlMaIIardeussm rimorje/15 _f_
Al/goose/Czech Regubllclzossg -28 I2021 (H5N1) LPAI
A/duck/Mongolia/961/. 019(H
— Alduck/Moscow/5743/2019 (H g
A/Mallard/Netherlands/11/20 1é N2 LPAI
A/duck/Bangladesh/37630/201 g
A/Swan/Netherlands/14000281/ 014 LH N2) LPAI
Nch|cken/EngIandl1 1416/2008 (H7N
A/Mallard (Anas platyrhynchos iSouth Korea/KNU2019 -47/2019 (H4NE)
A/Shoveler/Omsk Re |on/1 /2019 (HANG
Nchlckeanerman /AR1386-L0 1302/2 15( 7N7) HPAI

A/mallard/Sweden/10 224/2009(H5N
‘%NduckﬂMongoha/SZO&Oﬁ
10 A!Mallardklﬂ\nas pla rhynchos South KorealKNU2019 -50/2019 (H3N8)
rthern |nta|I/AIas a/19TLO016 H3N8
Alenvironment/South Carollna/UGAHT 243/2017 (H5N2) LPAI
NMaIIardthloM9080177!201 C{ 1‘2
A/Mallard/Wisconsin/180S3322/ ngy
A/ruddy turnstone/New Jerse )a(/UGAH -207. 1 (LPAI)
A/mallard/South Korea/34. &HTNT) Al

=0
()

-
L1}
=

m

(D

Mallard duck/Alberta/147/2019 (H3N8

lallard duck/Alberta/319/2019 H3N8
allard duck/AIbertal486/2019 N1
uck/Guangdong/H31/202 4)
A/Mallard/Ohio/1 054660.'20 8 (H4NB
A/Mallard/Russia Primorje/129/2019 (HGNS)
Alblack swanlAkltal11'2016 HSNG)\HPAI
A/duck/Hyogo/1/. 0166 |
Afducleuangdon /GD! 1.'2014 HSNG% HPAI

X/geon/Srchuan ICXN29/201 ‘?

muscovy duck/Vietnam/LBM631/20 4éH5N1LHPAI
A/Common pheasant/Hunan/1 1/2015
Alduck/Vietnam/1151/2014 (H5NE) H
er swan/Mon ollal25/2020 éHSNS? HPAI

A/Whoop
99— Alduck/Eastarn China/S1108/2014 (HENS) HPA
Almallardehanghal/SH-QlZO13 H5N8) HPAI
Alduck/Eastern China/008/2008 EJH a)sH Al
NgooselGuangdongﬁkO‘]OSlZ Oé N5 HPAI
uck/Taiwan/A3400/2015 (H
Ncrane/KagoshlmalKUMiZO 4 5N8 HPAI
Alcrane/Kagoshim: /KU1/2014£ é
A/Northern pintail/Washington/40964, 014'__('H5N2) HPAI
A/tundra swan!Korea.’H41 1/2014 (H5N8) H

100]

97
0.01

100
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Alwhooper swan/ShandonngC176/2021 E“HSNS) HPAI
Adwild duck/Jiangsu/SD019/2021 (HSN8
Asspot-billed duck/Korea/WA1000/2020 (HS5N8) HPAI
A/mallard/Kagoshima/KU-d89/2021 SHS 8) HPA

environment sample/China/TZ001/2021 (H5N8) HPAI

)A/chicken/Kagoshima/B3T/2021 (H5N8

A/hooded crane/Kagoshima/KU-! T.'ZD 1 H5N8)
Alcrane/Kagoshima/KU-93/2021 (HSN
A/whooper swan/Inner Mon 1qolla/w1 1!2020 WSNS) HPAI
A/brown-headed ull/leetf 1/2021 (H
Alduck/Korea/H016/20.
NchlckenlEngland!D3072 12020 8 HPAI
A/mallard/Georgia/DT-20222/2020 (H5
A/domestic duc Kazakhstan/1 -274-20- B 020 H5N8)HPAI
A/barnacle goose/Germany-SH/AI02167/2020 (HSN8
A/mute swan/Netherlands/20015931- 001/2020 H5N PAI
A/goose/Russian Federation/Omsk/1680-6/. [gs 5) HPAI
A/buzzard/Germany-MV/AI02166/2020 (HSN
Alchicken/Luxembour: /21168413/‘202 r£‘H5N HPAI
A/Chicken/Egypt/Al20: 86/2019[&H5N8A PAI
Alchicken/Tatarstan/7/2018 B&IH |
ChackenIElggﬂtlARSSSIZO H5N8) HPAI
tufted duc imane/3211 01/2 17 H5N6 HF'AI
8\/wild duck/South Korea/1801/2018

Alduck/Nigeria/SK28T 19VIR8424-. 12019 HSNG HPAI
'A/Great Black-backed GuII/NetherlandsHlZ 17 (H5N6) HPAI
Alduck/India/10CAQ1/2016 (H5N: %

A/Fujian-Sanyuan/21099/2017 (H5N6) HPAI
Algreat crested grebe/Uvs-Nuur Lake 34‘1/2016 H5N8)

ar-headed Goose/Qinghai/a218/201 ﬁHSNS

Alchicken/South Africa/499723/2018(HSN8
944 A/guinea fowl/Nigeria/OG-GF 11T 19VIR8424-7/2019 HSNS (H5N8) HPAI
72| Alhawk/Poland/003/2020 (H5N8) HPAI
turkey/Hungary/1020 20VIR749-1/2020 (HSNB HPAI
'white-fronted goose/Germany-BB/AI000 8/20 O(HSNB) HPAI
turke&(/CZech epublic/3071 020&:!5N ) H

~
o

10

Alchicken/Kagawa/11C/2020 (HSN8) HPAI
a9 | A/Mandarin duck/Korea/H242/2020 (H5N8 HPAIS)HPA

enwronment/KaFoshlmalKU Ny |
A/whlte-taued eagle/Hokkaido/2 21012700 12021 gHSNB) HPAI

)A/whooper swan/Fukushima/0701B! /2021 H5N ) HPAI
Alduck/ astern China/S1109/2014 H5N8§
b breederduck/Korea/Gochar}gﬂZ 14 (H N8)HPAI
A/mallard/Shanghai/SH-9/2
A/chlckenlEngIandﬁ1416!2008 7N7 HPAI
9 Algoose/Tyumen/33-52/202 (S %
A/swan/France/21P012384/2021 (H &
78 A/chicken/Netherlands/21037233-001/2021 (HSNP HPAI
8 A/Eurasian ngeoanetherIandsH/2020 H

g NMaIIarleetherlands!‘l1/2021( ‘%
971 Alchicken/Germany/AR1386-L01302 015(H7N7)HPAI
A/mallard/Ukraine/AN-221-13-01/2020 (H7N2) LPA
A/mallard/Korea/A44-5/2017 £H5N3 ) LPAI
A.ich|ckenIEgyptlD1794eBl B NIZ\?
NmallardlDenmark/1294T- /2020 (H7
oose/Czech RapubthzOSBQ 28 !2021 (H5N1) LPAI
uckJBangIadesh1’36391/2 é
A/Duck/Dongtin ID76~1I AH N7 L Al
Alduck/Taiwan/A3400/2015 (H5 PAI
A/Anas plat; rhx’nchosISouth KorealJBS1 96/2019 (H11N9)
A/Falcated South KorealJE42~30/2020(H9N2
5IW|d duck/Korea/H214/2021 (H7N3) L
g Alchlckeana&oshlmafﬁA T/20 1'_(|H5N1)
A/mallard/South Korea/JB21 22/2019( 4ANG
NducldMongolla1961l20
mallard/South Korea.'a4)< 2.' 1 (H7N7) LPAI
100 A/duck/Eastern ChlnatOOBIZOOB 5N5 PAI
Ngoose/Guant?gonglk0103l201 H5N I‘)\I
‘environment/Zhenjiang/C13/2013 (H5N6) HPAI
A/Sichuan/26221/2014 (H5 PA
100 A/Common pheasant/Hunan/11/2015 (H5N6) HPAI
NGuangmou/39715.'2014(H5 6) HP |
B|geonf$|chuan/NCXN2 2014 (H5N1) HPAI
108 A/black swan/.t\kltaHlZO‘leg-iSNS HPAI
8 Nduck/HyNgoI1!2016( ) HPAI
A/chicken/Vietnam/NCVD- 15A59/2015}£|H5N6) HPAI
Afduck/Vietnam/LBM758/2014 (HSNE
A/Guangdong/18SF020/2018 (HSNG HPA
A\Whooper swan/Mongolia/25/2020 SN?_?
9 A/Mandarin duck/Korea/K16- 187L 0 5N6) HPAI
A/Whooper Swan/Hunan/4/2016 3
A/mallard/, IaskafAH003853512016 H5N HPAI
Alcrane/Ka oshlmalKU4112014 HS 8) HPAI
Alduck/England/36254 %
Ajgyrfalcon/Washln on/4 088-6/2014‘_'H5N8)HPAi
crane/Kagoshima/KU1/2014 (H5
Altundra swan/Korea/H41 11’2014|_(|H5N8) HPAI
Altern/South Africa/1961 (HS5N PAI
ed Knot/Delaware Bay/382/20: é £
A/Ruddy Turnstone/Delaware Bazyt’4 7.'20 0(H4N6)
A/Mallard/Wisconsin/180S33

-

Z2T S

-

=

78 Ajruddy turnstone/Delaware Bay/353 O20(H4N6
Allong-tailed duck/Wisconsin/18052983/2018 J
75| Alenvironment/South Carolina/UGAI17-2243/2 17 5N2) LPAI
99 A/ruddy turnstone/New Jersey/UGAI17-2072/2017 (HSN2) LPAI
—O|NGadwaE|lAmur re |on/82b/2019(H6N6)
no NMalard(Anas platyrh nchos)/South Korea/KNU 2019-48/2019 (HGNG)
ail/Bangladesh/45745/2020 (HON2)
H bei/29578/2016 H5N6%JH Al
N hicken/Laos/DC5423/2 20(H9N2%
A/Chicken/Guangdong/GZ15513/202
A/chlckenIXm;langM .24 WL MQXLOZ4—O/20 8 (HBN6
9 A/Green-winged teal(Anas crecca)/South KoreafKNUZ 19- 57/2019&H3N8)
A/Mallard(Anas platyrhynchos)/South Korea/NU2019-63/2019 (H
A/Mallard (Anas platyrhynchos)/South Korea/KNU201 -47!2019 H4N6)
A/American Green-Winged TealiA!askal19TLDOO78/2019 (H4NG6
A/Northern Pintail/Alaska/19TL00162/2019 (H3N8)

n

‘IO

A/Mallard duck/Alberta/147/2019 (H3N8)
A/Common TeaIlBurxatlaIBSVZO‘IS (/H4N6
‘1439/2019(H

NducklEangIadesh! 2)
0.1 ulnea fowl/Germany-NW/AIO 4/2 20 H5N8|) LPAI
7 wanlNetherIands/‘l 4000281!2014 2) LPA
go{ A/mallard/Novosibirsk region/1884k/201 ( 4NG)

A/mallard/Italy/21VIR6957-6/2021 (HSN1) LPAI
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A/Cygnus columbianus/Hubei/56/2020 (HSN8) HPAI
A/Cygnus columbianus/Hubei/116/2020 (HSN8) HPAI
A/whooper swan/Shandong/SC176/2021 (H5N8) HPAI
A/mallard/Kagoshima/KU-d89/2021 (HSN8) HPAI
A/brown-headed gull/Tibet/1-1/2021 (H5N8) HPAI
A/Cygnus columbianus/Hubei/51/2020 (HSN8) HPAI
A/spot-billed duck/Korea/WA1000/2020 (HSN8) HPAI
A/whooper swan/Inner Mongolia/w1-1/2020 (H5N8) HPAI
LIAJduck/KorealHO16!2021 (H5N8) HPAI

H Alcrane/Kagoshima/KU-93/2021 (H5N8) HPAI

.A!chicken!KagoshimaIB3T!2021 (H5N8)

/hooded crane/Kagoshima/KU-5T/2021 (H5N8)
Alenvironment sample/China/TZ001/2021 (HSN8) HPAI
A/wild duck/Jiangsu/SD019/2021 (HSN8) HPAI
A/goose/Romania/10205-t3 21VIR2593-7/2021 (HSN8) HPAI
100} A/mallard/Georgia/DT-20222/2020 (HSN8) HPAI
Al/chicken/Kazakhstan/220-B-2-H5N8-4/2020 (H5N8) HPAI
Alchicken/Luxembourg/21168413/2021 (HSN8) HPAI
A/Meleagris gallopavo/Belgium/11293 001/2021 (HSN8) HPAI
Alchicken/England/030720/2020 (H5N8) HPAI
A/barnacle goose/Germany-SH/AI02167/2020 (HSN8) HPAI
9§ | A/domestic duck/Kazakhstan/1-274-20-B/2020 (H5N8) HPAI
Alchicken/Nigeria/VRD21-43 21VIR2288-4/2021 (H5N8) HPAI
A/mute swan/Netherlands/20015931-001/2020 (HSN8) HPAI
Algraylag goose/Denmark/14535-1/2020 (HSN8) HPAI
A/mallard/Italy/20VIR7139-73/2020 (H5N8) HPAI
I~ A/Chicken/Egypt/Al20286/2019 (HSN8) HPAI
QI [ A/Chicken/Egypt/AR553/2018 (H5N8) HPAI

1

o

©o

Alchicken/Tatarstan/7/2018 (HSN8) HPAI
A/duck/India/10CA01/2016 (HSN8) HPAI
Algrey-headed gull/Uganda/MUWRP-538/2017 (HSN8) HPAI
Algreat crested grebe/Uvs-Nuur Lake/341/2016 (H5SN8) HPAI
| A/Bar-headed Goose/Qinghai/a218/2017 (HSN8) HPAI
Alchicken/South Africa/499723/2018 (H5N8) HPAI
[ A/guinea fowl/Nigeria/OG-GF 11T 19VIR8424-7/2019 H5N8 (H5N8) HPAI
Alturkey/Czech Republic/3071/2020 (HSN8) HPAI
Alwhite-fronted goose/Germany-BB/AI00018/2020 (H5N8) HPAI
Alturkey/Hungary/1020 20VIR748-1/2020 (HSN8) HPAI
A/hawk/Poland/003/2020 (HSN8) HPAI
Allayer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 HSN8 NA/2020 (H5N8) HPAI
B! A/lenvironment/Kagoshima/KU-ngr-J2/2020 (HSN8) HPAI
Alnorthern pintail/Hokkaido/M13/2020 (H5N8) HPAI
A/Mandarin duck/Korea/H242/2020 (HSN8) HPAI
108 A/chicken/Kagawa/11C/2020 (HSN8) HPAI
A/white-tailed eagle/Hokkaido/20210127001/2021 (HSN8) HPAI
'whooper swan/Fukushima/0701B002/2021 (HSN8) HPAI
Alduck/Eastern China/S1109/2014 (HSN8) HPAI
Albreeder duck/Korea/Gochang1/2014 (HSN8) HPAI
- A/mallard/Shanghai/SH-9/2013 (H5N8) HPAI
Alduck/England/36254/14 (HSN8) HPAI
10 Alcrane/Kagoshima/KU41/2014 (HSN8) HPAI
Altundra swan/Korea/H411/2014 (H5N8) HPAI
9 A/gyrfalcon/Washington/41088-6/2014 (HSN8) HPAI
ggl[ A/crane/Kagoshima/KU1/2014 (HSN8) HPAI
A/duck/Taiwan/A3400/2015 (HSN8) HPAI
A/duck/Hungary/1147/2019 (HEN8)
A/guinea fowl/Germany-NW/AI01184/2020 (H5SN8) LPAI
A/mallard/South Korea/JB19-19/2019 (HGNS)
Alduck/Mongolia/MN2018-224/2018 (H4N8)
Algreen sandpiper/Kurgan/1046/2018 (H3N8)
A/Mallard duck/Alberta/331/2019 (H3N8)
00 A/bufflehead/Wisconsin/180S3156/2018 (H4N8)
1 Al/ruddy turnstone/Delaware Bay/324/2018 (H12N8)
0.05 A/Duck(Anas sp.)/Mongolia/MN18-141/2018 (H2N8)
100" A/duck/Mongolia/MN18-13/2018 (H3N8)

iz
954
3

73

Appendix Figure 1. Phylogenetic tree of hemagglutinin genes of highly pathogenic avian influenza

A(H5N1/H5NS8) viruses isolated among wild waterfowl and domestic poultry on the Izumi plain, Japan in

November 2021. We phylogenetically analyzed the nucleotide sequences of the genes from
Alenvironment/Kagoshima/KU-ngrB4/2021 (mixed), A/chicken/Kagoshima/21A6T/2021 (H5N1),
A/chicken/Kagoshima/B3T/2021 (H5N8), and A’hooded crane/Kagoshima/KU-5T/2021 (H5N8) with

representative counterparts by using the maximum-likelihood method with a bootstrapping set of 1,000

replicates. Black circles with bold text indicate viruses isolated in this study. Area inside dotted box

indicates genetic group 2 shown in Figure 2. Bootstrap values >70% are shown at the nodes. Scale bar

indicates nucleotide substitutions per site. HPAI, highly pathogenic avian influenza; LPAI, low

pathogenicity avian influenza.
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Alchicken/Netherlands/21037233-001/2021 (H5N 1) HPAI
7 A/Branta leucopsis/Belgium/14735 0001/2021 (H5N1i HPAI
A/Mute swan/! e!her\andsi2103725}002’2021 (HSN1) HPAI
g A/duck/Saratow/29-11/2021
i [ A/swan/France/21P012384/ DZ1 5N1)HPAI
Algoose/Tyumen/33-53/2021 H5N1 HPAI G2
5 Algoose/Tyumen/33-52/2021 C
Almute swanfSlcveklafPahGZW\Rﬂ 3622021 (H5N5) HPAI
A/Eurasian ngeon/‘NetherlandstZOZO1H5N1) HF‘A

002/20; |(H5N1)HPAI
Afbarnacle oasefDenmark/ﬂ:E?Z—i U‘IiZDZ g 5)
Alchicken/Nigeria/VRD21-43 21VIR2288-- 4/20 1(H N8) HF’AI
A/mallard/ltaly/20VIR7 139-73/2020 (H5N8) H
::h\ckEnJ'Kazakhslan/’EZO-B-!-H5N8-412020 gHSNS) HPAI
Alchicken/Kagoshima/21A6T/2021 (H5N1)
AlMeleagris gallopavo/Belgium/11293 001/2021 (HSN8) HPAI
B9 Alchicken/Luxembourg/21168413/2021 (HSN8) HPAI
A A/knot wader/Ireland/472 21VIR2956-1/2021 (H5N3 HPAI
A/common kestrel/Denmark/18023-01/2021 ( N3) PAI
Albuzzard/Germany-MV/AI02166/2020 (0-5
A/goose/Russian Federation/Omsk/168l SIZDQO(HSNS) HPAI G2b
A/mallard/Georgia/DT-20222/2020 (H5N8) HPAI
Nbarnaclegoose ‘German; g -SH/AI02167/2020 (HSNB) HPAI
Alchicken/England/03072 IZOZO(HSNB H Al
A/mute swan/Netherlands/20015831-001/2020 (H5N: B)HF’AI
Algoose/Romania/10205-t3 21VIR2593- 71‘2021 H5N )HPAI
A/g i/lag goose/Denmark/14535-1/2020 (H:
ellow-legged gull/Switzerland/15- 0039 21VI 3035/2021 (H5N4) HPAI
Aldomestic duck/Kazakhstan/1-274-20-B/2020 (H5N8) HPAI
Alwild duck/Jiangsu/SD018/2021 (HSN8) HPAI
A/mallard/Kagoshima/KU- dﬂQIZDZWJHSNS) HPAI
hooded crane/Kagoshima/KU-5T/2021 LHSNE)
Alenvironment/Kagoshima/KU-ngrB4/2021 (mixed)
@ Alchicken/Kagoshima/B3T/2021 (H5N8) Gza
Alenvironment sarw:leiChlnaF[ZOUl/ZGﬂ gHSNt)!J HPAI
Afspot-billed duck/Korea/W, g
Nwhooperswan/Shandon ﬂ50176f202 AHSNB HPAI
NcranefKag_os ima/KU-93/2021 12
AfChlidonias hybrida/Hubel 1551"4‘0 Ug-{
Nduckﬂ(ﬂreaf 1016/2021 (H5N8) HI
'Cygnus cu\umblanus/HubE\H 16/2020 (H5N8) HPAI
Aihmwn-headed gullTibet/1-1/2021 (H5I
Alwhaoper swan/Inner Mongolia/w1-1/2020 (HSN8) HPAI
ENGreal Black-backed Gull/ etherlands/ﬂzm'/'SHSNE) HPAI
NducklngenalSKZﬂT 19VIR! 2/2019 (H:
[ A/Chicken/Egypt/AR553/2018 g ,J
~ A/Chicken/Egypt/Al20286/201 (HS SAHPAI
| A/chicken/Tatarstan/7/2018 (HSN8) HPAI
{A/wild duck/South Korea/1801/2018 (HSNE) HPAI
Ajtufted duck/Shimane/3211TY001/2017 (H5N8) HPAI
Algrey-headed gull/Uganda/MUWRP-538/2017 (HSN8) HPAI
A.’duc India/ 10k AOWZmG(HSNE HPAI
96| A/Bar-headed Goosef0|ﬂghal.’a218f2017}HSNE HPAI
Algreat crested grebe/Uvs-Nuur Lake/341/2016 (H5N8) HPAI
NchmkeniSouth Africa/499723/2018 (HSN8) HPA|
‘Aguinea fowl/Nigeria/OG-GF 11T 19VIR8424-7/2019 (H5N8) HPAI

1

o
=]

~
:.n

=

9 Aflul’ke /Czech R?ubllci\’iDT”ZGZO H5NB) HPAI
Nhaw 'Poland/003/2020 (HSN8) HPAI
100? A/white-fronted goose/Germany-BB/AI00018/2020 (HSN8) HPAI

Alturkey/Hungary/1020 20VIR749-1/2020 (HSN8) HPAI
99[A/white-tailed eagle/Hokkaido/20210127001/2021 (H5N8) HPAI
Alnorthern pintail/Hokkaido/M13/2020 (HSN8) HPAI G1
195] A/Mandarin duckaareaﬂH242f2D20(HSNS) PAI
" Alchicken/Kagawa/11C/2020 (H5|
Alwhooper swan/Fukushlma/GTOW BOGM021 (H5N8) HPAI
Alenvironment/Kagoshima/KU-ngr-J2/2020 (HSN8) HPAI
Afduck/Eastern China/S1108/2014 (HSN8) HPAI
A/mallard/Shanghai/SH- 9/2013§H5 8) HF’A\
Afbreeder duck/Korea/Gochang /2014( N8) HPAI
ALAJenwmnmenu‘Zhen ian IC13!201 (HSNB) HPAI
100" Ajduck/Vietnam/1151/2014 (H5
72[A/Northern pintail/\Washil ﬂgstmnMUQSdQUM(HSNZ) HPAI
) A/mallard/Alaska/AHO08: 35/2016§H5N2 HPAI
Algyrfalcon/\Washington/41088-6/20° 4(H5 8) HPAI
791 A uckﬂ'alwaan 0/2015 (HSN8) HPAI
98 " Adcrane/Kagoshima/KU1/2014 (HSN8) HPAI
Altundra swan/Korea/H411/2014 (H5SN8) HPAI
A/duckar;(g\andfaSmezDM HSNE% HPAI
Adcrane/Kagoshima/KU41/2014 (HSN8) HPAI
Adduck/Eastern China/S0131/2014 (HSN8) HPAI
949 Almuscovy dunkNletnam/LBMSSl/ZGM(HENI)HPAI
100 ijgeonfSlchuaanCXNZQﬂzm4 H5N1%_|
mmon pheasant/Hunan/11/2015 ( 5N5iHPAI
= A/Whooper swan/Mong ohafZS/ZO?D(HSNG) HPAI
98 AlVhooper Swan/Hunan/4/2016 (HSNE) HPAI
81~ Archicken/Vietnam/NCVD- 15A59!2015'SH5N6) HPAI
A/duckJGuangdun /GD01/2014 (HSNE!
Alduck/Vietham/LBM758/2014 SNB) HPAI
Ndu:kﬂHyuchleiB(HS )
100 A/Mandarin duck/Korea/K16- 157 3/2015(H5NE)HPAI
Alblack swan/Akita/1/2016 (HSNB) HPA
gar AlguusejGuangdungfk(H0312010 (H5N5) HPAI
8 (HSNS) HPAI
[NmaHar’d/Halw’Z1VIR5957 Gf2021 (HSN1) LPAI
Algoose/Czech Republic/20688-28T/2021 (H5SN1) LPAI
Alguinea fowl/Germany-NW/AIO1184/2020 (HSN8) LPAI
A/Duck/Dongting/D76-1/2016 (H5N7) LPAI
A/maHard/SwedenMO1224!2009 H5NG) LPAI
[ A/mallard/Korea/Ad4-5/2017 ( 5N3) LF'AI
78 A/Mallard/Netherlands/11/2021 (HSN2) L|
99 NSwanlNe\herlandsﬁ4U00231#2014 (H5! 2 LFAE
Altern/South Afncahgsl (HSNS_) HPAI _—
yland/1162/2006 (H5N1) LPAI
100 \_| Alruddy turnstone/New Jersey/UGAI17-2072/2017 S_{HSN2) LPAI
100" A/environment/South Carolina/UGAI17-2243/2017 (HSN2) LPAI

~

o
o
&

Appendix Figure 2. Phylogenetic trees of genes from highly pathogenic avian influenza A(H5N1/H5N8)
viruses isolated on the Izumi plain, Japan in November 2021. Trees represent HSN1 genes NA (A), PB2
(B), PB1 (C), PA (D), NP (E), M (F), and NSP (G); and the H5N8 NA gene (H). Genes from
A/chicken/Kagoshima/21A6T/2021 (H5N1), A/chicken/Kagoshima/B3T/2021 (H5N8), and A/hooded
crane/Kagoshima/KU-5T/2021 (H5N8) were phylogenetically analyzed with representative counterparts
using the maximum-likelihood method with a bootstrapping set of 1,000 replicates. Black circles and bold
text indicate viruses isolated in this study. Bootstrap values >70% are shown at the nodes. Scale bar
indicates nucleotide substitutions per site. HA, hemagglutinin; HPAI, highly pathogenic avian influenza;
LPAI, low pathogenicity avian influenza; M, matrix; NA, neuraminidase; NP, nucleoprotein; NSP,

nonstructural protein; PA, polymerase; PB1, polymerase basic 1; PB2, polymerase basic 2.
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